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Abstract 

Background: Malignant melanoma is the most deadly form of skin cancer. Female sex is known to have a 
protective effect on incidence, tumour characteristics, and mortality from melanoma. However, the potentially 
modifying effect of sex on the prognostic significance of clinicopathological and investigative factors is generally 
not taken into consideration in biomarker studies. In this study, we compared the sex-specific distribution and 
prognostic value of established tumour characteristics and Ki67 expression in 255 cases of incident primary 
melanoma in a prospective, population-based cohort study. 

Methods: The study included 255 incident cases of melanoma, 132 females and 123 males, in the Malmo Diet and 
Cancer Study. Tumours from 226 (88.6%) cases had been assembled in tissue microarrays. Clinicopathological 
factors and immunohistochemical Ki67 expression were assessed and correlated with disease-free survival (DFS) 
and overall survival (OS) using Kaplan-Meier analysis, log rank test and univariable and multivariable Cox regression 
analyses, stratified for gender. Effect of gender on melanoma-specific survival (MSS) after first recurrence was 
also analysed. 

Results: Women were significantly younger at diagnosis than men (p = 0.012). The most common tumour sites 
were the legs in women (37.5%) and the dorsal trunk in men (37.8%). Kaplan-Meier analysis revealed that tumour 
location had no prognostic impact in women, but in men, location to the frontal trunk was significantly associated 
with a reduced DFS compared with all other locations combined and location to the dorsal trunk was significantly 
associated with a prolonged OS. High Ki67 expression was significantly associated with a reduced DFS and OS in 
men but not in women, also when adjusted for other factors. In men, but not in women, ulceration was an 
independent prognostic factor for both DFS and OS. MSS after first local, regional or distant recurrence was 
significantly shorter for men than for women. 

Conclusions: The results from this study demonstrate that the prognostic value of tumour location, Ki67 expression 
and ulceration in melanoma differs according to gender. These findings need to be validated in future studies, 
as they may help improve prognostication in patients with melanoma. Moreover, our findings demonstrate that 
sex-stratified analyses add valuable information to biomarker studies. 
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Background 

Malignant melanoma is an aggressive form of cancer with 
an increasing incidence and mortality worldwide [1]. Once 
a patient has moved into the stage of generalized disease, 
survival is very poor [2,3], but the clinical course of melan- 
oma is highly variable even in patients with thin melano- 
mas and localized disease [4-6]. Despite increasing 
insights into melanoma biology and advances in various 
"omics" technologies [7-9], no prognostic biomarkers have 
yet been incorporated into clinical protocols. One reason 
for the difficulties in bridging this translational gap might 
be that, while a protective effect of female gender on inci- 
dence, tumour characteristics, and mortality from melan- 
oma is evident [10,11], the prognostic value of putative 
biomarkers is generally not evaluated differently in women 
and men. The negative association of male gender with 
survival from melanoma cannot solely be attributed to the 
larger proportion of tumours with unfavourable clinico- 
pathological characteristics, since gender remained prog- 
nostic in several studies, also when adjusted for these 
factors [2,10,12,13]. Moreover, women have been demon- 
strated to have a prolonged survival compared to men 
even after development of distant metastasis [14]. Taken 
together, it is evident that hormonal and other sex-related 
factors affect the clinical course of the disease and, there- 
fore, sex-stratified analyses might add important informa- 
tion to studies aiming at identifying novel prognostic and 
treatment predictive biomarkers in melanoma. Biomarker 
studies in other cancer forms affecting both sexes, e.g. 
colorectal cancer, have indeed revealed a modifying effect 
of sex on the prognostic value of certain markers [15,16]. 

In the present study, we examined the distribution and 
prognostic value of clinicopathological characteristics of 
melanoma, including Ki67 expression as an investigative 
marker, in men and women, respectively. To this end, 
we analysed 255 cases of incident malignant melanoma 
in the prospective, population-based cohort Malmo Diet 
and Cancer Study [17,18]. 

Methods 

Patients 

Until end of follow-up 31 December 2008, 264 incident 
cases of malignant melanoma had been registered in the 
prospective, population-based cohort study Malmo Diet 
and Cancer Study (MDCS)[17]. Cases were identified 
from the Swedish Cancer Registry up until 31 Dec 2007, 
and from The Southern Swedish Regional Tumour 
Registry for the period of 1 Jan-31 Dec 2008. Nine 
(3.4%) cases for whom clinical and pathology records 
were missing were excluded from the study, leaving 255 
cases available for analysis. All tumours with available 
slides and/or paraffin blocks were histopathologically re- 
evaluated on haematoxylin and eosin stained slides 
whereby information on lymphocytic infiltration (none, 



mild, moderate or brisk), ulceration (absent or present), 
mitotic count and vascular invasion was obtained. Data 
on location, Clark level and Breslow depth of invasion 
was obtained from the clinical- and/or pathology 
records. Information on recurrence (local, regional or 
distant) was obtained in 2010 from patient records and 
pathology reports. Information on vital status and cause 
of death was obtained from the Swedish Cause of Death 
Registry up until 31 Dec 2009. Follow-up started at date 
of diagnosis and ended at death, emigration or 31 Dec 
2009, whichever came first. Median follow-up time was 
6.84 years (range 0.64-17.05) for the full cohort (n = 255) 
and 7.29 years (range 1.10-17.05) for patients alive 
(n = 202). Patient and tumour characteristics of the co- 
hort have been described in detail previously [18]. Eth- 
ical permission was obtained from the Ethics Committee 
at Lund University for the MDCS (Ref. 51/90), and the 
present study (Ref. 530/2008). 

Tissue microarray construction and 
immunohistochemistry 

Paraffin-embedded tumour specimens were collected 
from the archives of the pathology departments in the re- 
gion of Skane in southern Sweden. Tumours with an insuf- 
ficient amount of material were excluded whereby 226/ 
255 (88.6%) cases were suitable for TMA construction. 
Areas representative of cancer were then marked on 
haematoxylin & eosin stained slides and TMAs con- 
structed as previously described. In brief, three 0,6 mm 
cores were taken from each tumour and mounted in a new 
recipient block using semi-automated arraying device 
(TMArrayer, Pathology Devices, Westminster, MD, USA). 
The distribution of clinicopathological characteristics 
was similar in tumours included in the TMA cohort 
(total n = 226) and tumours not suitable for TMA con- 
struction (total n = 29), except for histological subtype, 
with no tumours being denoted as nodular in the lat- 
ter category (0/23 vs 53/225, p = 0.005) but an equal 
distribution of the other subtypes (data not shown). 

For immunohistochemical analysis, 4 um TMA- 
sections were automatically pre-treated using the PT-link 
system (DAKO, Glostrup, Denmark) and then stained 
in an Autostainer Plus (DAKO) using a monoclonal 
anti- Ki67 antibody (MIB-1, DAKO, diluted 1:200). Ki67 
expression was annotated as the fraction of positive stain- 
ing cells and denoted as 0 (0-1%), 1(2-25%) and 2(>25%). 
To check for heterogeneity, Ki67 expression was also ana- 
lysed on full-face sections from 26 cases representing 
tumours with varying thickness. 

Statistical analysis 

Chi-square, Spearman's Rho and Mann Whitney U 
tests were used for comparison of the distribution of 
clinicopathological characteristics in the full cohort and 
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Table 1 Distribution of clinicopathological parameters in 
women and men 



n (% for columns) 


Female 
n = 132 (51.8) 


Male 
n = 123 (48.2) 


p-value 


Age 






0.012* 


Mean 


65 


69 




Median 


65 


70 




Range 


46-84 


53-80 




Location 






0.001** 


Dorsal trunk 


20 (15.5) 


45 (37.8) 




Frontal trunk 


15 (11.6) 


19 (16.0) 




Arms 


29 (22.5) 


18 (15.1) 




Legs 


51 (39.5) 


13 (10.9) 




Head and neck 


14 (10.9) 


24 (20.2) 




Unknown 


3 


4 




Histological type 






0.372 


SSM 


80 (62.5) 


80 (66.7) 




NMM 


27 (21.1) 


26 (21.7) 




LMM 


16 (12.5) 


13 (10.8) 




Other 


5 (3.9) 


1 (0.8) 




Unknown 


4 


3 




Breslow thickness (mm) 






0.417 


Mean 


1.44 


1.72 




Median 


0.68 


0.80 




Range 


(0.11-16.00) 


(0.08-40.00) 




Unknown 


4 


3 




Thickness (AJCC) 






0.180 


< = 1 mm 


86 (67.2) 


72 (60.0) 




1.1-2 mm 


19 (14.8) 


17 (14.2) 




2.1-4 mm 


17 (13.3) 


23 (19.2) 




>4 mm 


6 (4.7) 


8 (6.7) 




Unknown 


4 


3 




Clark level 

II 
III 


46 (36.2) 
57 (44.9) 


47 (39.2) 
46 (38.3) 


0.999 


IV 


21 (16.5) 


23 (19.2) 




V 


3 (2.4) 


4 (3.3) 




Unknown 


5 


3 




Clinical stage 






0.135 


1A-B 


98 (89.9) 


81 (82.7) 




2A-B 


9 (8.3) 


15 (15.3) 




3-4 


2 (1.8) 


2 (2.0) 




Unknown 


23 


25 




Ulceration 






0.962 


No 


1 1 1 (86.0) 


1 03 (85.8) 




Yes 


18 (14.09) 


17 (14.2) 




Unknown 


3 


3 





Table 1 Distribution of clinicopathological parameters in 
women and men (Continued) 



Vascular invasion 






0.076 


No 


1 23 (96.9) 


109 (91.6) 




Yes 


4(3.1) 


1 0 (8.4) 




Unknown 


5 


A 




Mitotic count 






0.769 


0/mm 2 


69 (52.7) 


62 (50.8) 




> = 1/mm 2 


62 (47.3) 


60 (49.2) 




Unknown 


3 


1 




Lymphocytic infiltrate 






0.815 


None-mild 


38 (29.7) 


34 (28.3) 






90 (70 3) 


86 (71 7) 




1 Inknnwn 


4 


3 




Ki f\~J pynrpecinn 

l\l Ml CA|JIC33IUII 






0 1 33 


0-1% 


4 n qi 


11 (10 7) 




2-25% 


73 (70.9) 


71 (68.9) 




>25% 


26 (25 2) 


21 (204) 




Unknown 


29 


20 




Local, regional or 
distal recurrence 






0.360 


No 


111 (84.1) 


98 (79.7) 




Yes 


21 (15.9) 


25 (20.3) 




Vital status 








Alive 


114(86.4) 


88 (71.5) 




Dead 


18 (13.6) 


35 (28.5) 


0.004** 


Dead from melanoma 


9 (6.8) 


19 (15.4) 


0.028* 



The p-values refer to comparisons of male and female tumours. 
Mann-Whitney test for comparison of medians and Chi square test for 
Xx2 tables. The categories marked as not done and unknown were not 
included in the statistical analysis. 



according to gender. Disease-free survival (DFS) time 
was determined from the date of diagnosis of the pri- 
mary melanoma to the date of diagnosis of the first 
local, regional or distant recurrence or death from ma- 
lignant melanoma. Overall survival (OS) was assessed 
by calculating the risk of death from all causes, overall 
mortality. Follow-up started at date of diagnosis and 
ended at death, emigration or 31 Dec 2009, whichever 
came first. Melanoma- specific survival (MSS) time was 
calculated for patients who developed recurrent disease. 
Follow-up started at date of diagnosis and ended at re- 
current disease, death, loss to follow-up (emigration) or 
last date of follow-up with regard to recurrent disease. 
No recurrences were recorded following the last date of 
follow-up regarding death, i.e. 31 Dec 2009. Follow-up 
started at date of diagnosis and ended at death, emigra- 
tion or 31 Dec 2009, whichever came first. Kaplan- 
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Meier analysis and log rank test were used to illustrate 
differences in DFS, OS and MSS. Cox regression pro- 
portional hazards models were used to estimate the im- 
pact of the investigated parameters on survival in both 
uni- and multivariable analysis. Co-variates were entered 
into the multivariate analysis using backward selection. 
The prognostic interaction between the clinicopathologi- 
cal factors and gender was explored by a Cox model 
including the interaction variable. All calculations were 
performed using IBM SPSS Statistics Version 20 (SPSS 
Inc, Chicago, IL). All statistical tests were two-sided and 
a p value < 0.05 was considered statistically significant. 

Results 

Distribution of clinicopathological characteristics 
according to gender 

The distribution of clinicopathological characteristics 
according to gender are shown in Table 1. Women were 
significantly younger at diagnosis than men (p = 0.012). 
There was also a sex-related difference in tumour loca- 
tion, with the legs being the most common location in 
women (39.5% vs 10.9% in men) and the dorsal trunk 



being the most common location in men (37.8% vs 
15.5% in women). Following antibody optimisation and 
staining, Ki67 expression could be evaluated in 206/226 
(91.1%) cases. There was an excellent concordance be- 
tween Ki67 expression on full-face sections and corre- 
sponding TMA cores. There was no significant difference 
in Ki67 expression between the sexes. All other estab- 
lished clinicopathological factors were evenly distributed 
among both sexes (Table 1). 

Prognostic value of clinicopathological characteristics in 
women and men 

Kaplan-Meier analysis revealed no significant difference 
in the prognostic value of tumour location in the full co- 
hort or in women (Figure 1A-B), while in men, anatomic 
location was significantly associated with DFS (Figure 1C). 
Similar trends were seen for OS, but none reached signifi- 
cance (Figure 1 D-F). Univariable Cox regression analysis 
confirmed the significant association of location to the 
frontal trunk with a reduced DFS compared to all other 
locations (HR = 3.06; 95% CI 1.36-6.89) in men, and loca- 
tion to the dorsal trunk with a significantiy prolonged 



D 



HDorsal Irunk; n = 65/9 events 
nFtontal trunk; n=34/ll events 

Arms; n=47/5 events 
ni_egs; n=64/14 events 

Head and neck; n=38/8 event- 



Years from diagnosis 




-TIDorsal trunk; n=6S/10 events 
-"Frontal trunk; n=34/ll events 

Arms; n=47/9 events 
JILegs; n=64/ll events 

Head and neck; n=38/ll events 



Years from diagnosis 



*3t 



-TIDorsal Hunk; n=20/2 events 
-TiFrontal trunk; n = 15/2 events 

Arms: n=29/4 events 
-TPLegs: n=51/ll events 

Head and neck; n=l4/2 events 



Years from diagnosis 



'A. 



-TIDorsal trunk; n=20/l event 
-"Frontal trunk; n=15/3 events 

Arms: n=29/2 events 
-TILegs; n=51/9 events 

Head and neck; n = 14/3 events 



-TIDorsal trunk: n=45/7 events 
-nFrontal trunk; n=19/9 events 

Arms: n = 18/l event 
JILegs; n=13/3 events 

Head and neck: n-24/6 events 



Years from diagnosis 









-TIDorsal trunk; n=45/9 events 
-TiFrontal trunk; n = 19/8 events 

Arms; n=18/7 events 
JILegs; n=13/2 events 

Head and neck; n=24/8 events 





Years from diagnosis 



Years from diagnosis 

Figure 1 Kaplan-Meier estimates of the impact of tumour location and disease free and overall survival in the full cohort, women and 
men. Kaplan-Meier analysis of disease free survival according to tumour location in (A) the full cohort, (B) women and (C) men (logrank p-values 
0.228, 0.789 and 0.031, respectively), and overall survival according to tumour location in (D) the full cohort, (E) women and (F) men (logrank 
p-values 0.134, 0.556 and 0.075, respectively). 
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OS (HR = 0.44; 95% CI 0.20-0.96) compared to all other 
locations in men. These associations did however not re- 
main significant in multivariable analysis, adjusted for the 
other factors (data not shown). Univariable analyses did 
not reveal any significant associations with DFS or OS 
for the other locations (data not shown). 

Nearly all established prognostic factors had a signifi- 
cant impact on DFS in univariable analysis (Table 2), ex- 
cept age (all categories), sex, tumour location (full cohort 
and women), lymphocytic infiltration (women) and Ki67 



expression (women). After adjustment by all other vari- 
ables, two factors retained an independent prognostic 
value in the full cohort; clinical stage and vascular inva- 
sion. In women, only vascular invasion remained an inde- 
pendent predictor of a reduced DFS. In men, three factors 
retained an independent prognostic value; ulceration, vas- 
cular invasion, and Ki 67 expression (Table 2). 

The relative risk of death (OS) according to the different 
factors was also calculated, whereby age and male sex were 
associated with a significantly poorer survival in univariable 



Table 2 Univariable and multivariable analyses of factors associated with disease free survival in the full cohort, 
women and men 



Univariable 



Multivariable 



Disease free survival 



All 

HR(95%CI) 



Women 
HR(95%CI) 



Men 
HR(95%CI) 



All 

HR(95%CI) 



Women Men 
HR(95%CI) HR(95%CI) 



Age 

Continuous 
Sex 

Women 
Men 

Histological subtype 

LMM + SSM 
NMM 

Breslow thickness 

<=1 mm 

> 1 mm 
Clark level 

ll-lll 
IV-V 

Ulceration 

No 
Yes 

Clinical stage 

1 

2-4 

Vascular invasion 

No 
Yes 

Mitotic count 

0/mm 2 

> = 1/mm 2 

Lymphocytic infiltrate 

None-mild 
Moderate-brisk 
Ki67 expression 

0-25% 
>25% 



1.01 (0.97-1.05) 
1.00 

1.51 (0.85-2.70) 
1.00 

5.63 (3.15-10.08) 
1.00 

8.44 (4.27-16.68) 
1.00 

3.75 (2.11-6.69) 
1.00 

5.82 (3.13-10.80) 
1.00 



1.00 (0.95-1.05) 



1.01 (0.95-1.07) 



1.00 

6.36 (2.67-15.12) 
1.00 



1.00 

5.39 (2.41-12.09) 
1.00 



12.17 (4.07-36.34) 6.12 (2.14-14.73 



1.00 

6.28 (2.65-14.89) 
1.00 

5.90 (241-14.42) 
1.00 



1.00 

2.37 (1.07-5.22) 
1.00 

7.21 (2.97-1748) 
1.00 



0.98 (0.94-1 .02) 
1.00 

1.06 (0.52-2.15) 
1.00 

1.21 (0.55-2.63) 
1.00 

0.61 (0.10-3.70) 
1.00 

0.52 (0.26-1.03) 
1.00 

1 .56 (0.65-3.76) 
1.00 



(.00(0.94-1.06) 1.00(0.92-1.09) 



1.00 1.00 

1 .47 (0.48-4.54) 1 .49 (0.46-4.82) 

1 .00 1 .00 

0.17(0.01-2.95) 1.45(0.15-14.22) 

1 .00 1 .00 

1.04 (0.32-3.43) 0.36 (0.12-1.07) 

1 .00 1 .00 

0.70(0.23-2.12) 5.46 (1.70-17.53) 



1 5.02 (1 6.39-35.30) 25.41 (5.81 -1 1 1 .08) 1 1 .76 (3.86-35.87) 5.56 (3.02-24.28) 



1.00 

6.88 (1 .64-28.89) 



1.00 

6.39 (1.56-26.25) 



1.00 

9.25 (3.56-17.79) 
1.00 

7.95 (3.56-1 7.80) 
1.00 

0.43 (0.24-0.78) 
1.00 

2.46 (1 .33-4.56) 



1.00 



1.00 



1 .00 



2048(5.47-76.65) 6.87(2.96-15.97) 3.44(1.63-7.25) 



1.00 



1.00 



1 .00 



27.24 (3.65-203.1 0) 4.83 (1 .92-1 2.1 3) 3.28 (1 .1 1 -9.73) 



1.00 

0.45 (1.19-1.08) 
1.00 

1.67 (0.67-4.15) 



1.00 

043 (0.19-0.94) 
1.00 

4.06 (1.74-9.48) 



1.00 

0.73 (0.37-1.44) 
1.00 

1.74 (0.85-3.54) 



1 .00 1 .00 

4.79 (1.21-19.01) 11.15 (342-36.38) 

1 .00 1 .00 

6.87 (0.77-61.05) 2.21 (0.53-9.13) 

1 .00 1 .00 

0.87(0.31-2.43) 0.69(0.25-1.90) 

1 .00 1 .00 

0.96(0.24-3.78) 6.14(1.76-21.39) 



LMM = lentigo maligna melanoma, SSM = superficial spreading melanoma, NMM = nodular malignant melanoma. 
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Table 3 Univariable and multivariable analyses of factors associated with overall survival in the full cohort, women 
and men 



Overall 



All 

HR(95%CI) 



Univariable 

Women 
HR(95%CI) 



Men 
HR(95%CI) 



All 

HR(95%CI) 



Multivariable 

Women 
HR(95%CI) 



Men 
HR(95%CI) 



Age 

Continuous 
Sex 

Women 
Men 

Histological subtype 

LMM + SSM 
NMM 

Breslow thickness 

<=1 mm 

> 1 mm 
Clark level 

ll-lll 
IV-V 

Ulceration 

No 
Yes 

Clinical stage 

1 

2-4 

Vascular invasion 

No 
Yes 

Mitotic count 

0/mm 2 

> = 1/mm 2 

Lymphocytic infiltrate 

None-mild 
Moderate-brisk 
Ki67 expression 

0-25% 
>25% 



1.09(1.04-1.13) 1.08(1.02-1.15) 1.08(1.02-1.14) 1.07(1.02-1.13) 1.09(1.02-1.16) 



1.00 

2.60 (1.47-4.61) 
1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



i .00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1.00 



1 .00 



1.00 



1.00 



1.00 



i .00 



1.00 

1 .89 (0.95-3.79) 
1.00 



3.86(2.21-6.74) 3.93(1.54-10.03) 4.17(2.06-8.44) 2.73(1.38-5.40) 



1 .00 



4.1 7 (2.38-7.32) 4.53 (1 .74-1 1 .79) 3.66 (1 .83-7.34) 0.73 (0.1 6-3.42) 



1.00 



2.27 (1 .28-4.05) 1 .87 (0.66-5.25) 2.22 (1.11 -4.44) 0.84 (0.36-1 .92) 



1.00 



6.29 (4.46-11.45) 5.83 (2.14-15.85) 7.33 (3.44-15.62) 2.63 (1.19-5.83) 



1.00 



6.48 (3.05-13.73) 5.48 (1.43-21.04) 6.34 (2.49-16.14) 1.71(0.57-5.0 



1.00 



4.89(2.38-4.08) 13.43(2.84-63.50) 2.82(1.23-6.50) 4.54(1.90-10.8 



1.00 



2.96 (1.66-5.28) 3.54 (1.26-9.96) 2.86 (1.41-5.82) 1.49 (0.65-3.40) 



1 .00 



0.46(0.26-0.79) 0.53(0.17-1.09) 0.45(0.22-0.90) 0.66(0.35-1.25) 



1.00 



1 .97 (1 .06-3.64) 1 .79 (0.66-4.87) 2.38 (1 .09-5.22) 1 .55 (0.73-3.30) 



1.00 

0.53 (0.15-1.8 



1.00 

2.54 (0.59-1 0.8 



1.10 (1.02-1.18) 



1 .00 1 .00 

3.35 (1.25-8.95) 2.88 (1.21-6.84) 

1 .00 1 .00 

0.56 (0.04-7.58) 0.58 (0.08-4.28) 



1.00 

1.10 (0.35-3.41 



1 .00 1 .00 

1.01 (0.18-5.76) 3.34 (1.30-8.60) 



1.00 

0.59 (0.11-3.29) 



1 .00 1 .00 

19.95 (3.63-109.75) 4.89 (1.66-14.41) 



1.00 

1.63 (0.34-7.81) 
1.00 

1 .03 (0.30-3.49) 
1.00 

1.46 (0.34-6.14) 



1.00 

1 .34 (0.44-4.07) 
1.00 

0.60 (0.27-1.35) 
1.00 

2.65 (1 .08-6.52) 



LMM = lentigo maligna melanoma, SSM = superficial spreading melanoma, NMM = nodular malignant melanoma. 



but not multivariable analysis (Table 3). For the other fac- 
tors, the associations with OS were similar to DFS in uni- 
variable analysis, with lymphocytic infiltration and Ki67 
expression not being prognostic in women. After adjust- 
ment by all other variables (Table 3), three factors retained 
an independent prognostic value in the full cohort; nodular 
histology, ulceration, and vascular invasion. In females, 
nodular histology and vascular invasion remained inde- 
pendent predictors of a reduced OS. In males, nodular 



histology, ulceration, vascular invasion and Ki 67 expression 
remained independent prognostic factors. 

We also explored a possible interaction term between 
sex and each prognostic factor for DFS and OS, but 
found no significant effect. 

The prognostic value of the RNA-binding motif 3 
(RBM3) protein, previously demonstrated to be an inde- 
pendent marker of good prognosis in this cohort [18] did 
not differ according to gender (data not shown). 
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Impact of gender on survival after first recurrence 

In light of previous findings of a more favourable out- 
come in women after development of distant metastasis 
[14], we also examined the impact of gender on MSS 
and 2-year OS after first local, regional or distant recur- 
rence (n = 46). Kaplan Meier analysis revealed a signifi- 
cantly higher mortality from melanoma in men compared 
to women (p = 0.039) (Figure 2A) as well as a significantly 
higher mortality after 2 years (p = 0.038) (Figure 2B). The 
significant association of male gender and shorter survival 
from melanoma was also confirmed in univariable Cox re- 
gression analysis (HR = 2.29; 95% CI = 1.02-5.13, p = 0.044 
for MSS and HR = 2.64; 95% CI = 1.02-6.82, p = 0.046 for 
2-year OS). For total OS, a similar, however non- 
significant, trend, was seen (data not shown). 
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Figure 2 Kaplan-Meier estimates of the impact of sex on 
melanoma specific and overall survival after first recurrence. 

Kaplan-Meier analysis of (A) melanoma-specific and (B) 2-year overal 
survival according to gender after first local, regional or distant 
recurrence. 



Associations of Ki67 expression with other 
clinicopathological factors in the full cohort and 
according to gender 

In light of the differential prognostic impact of Ki67 ex- 
pression in females and males, we examined whether the 
association of Ki67 with other tumour and patient char- 
acteristics might differ between the sexes. As demon- 
strated in Table 4, the association of Ki67 and most 
other factors were similar in both sexes, with the excep- 
tion of Clark level and ulceration, for which no associa- 
tions with Ki67 were seen in men, in contrast to a highly 
significant association in women. 

Discussion 

In this study, we have demonstrated several sex-related 
differences in the distribution and prognostic value of pa- 
tient and tumour characteristics in malignant melanoma. 
The significant difference in tumour location between the 
sexes, with a predilection for tumours located to the ex- 
tremities in women and the trunk in men, is in line with 
the expected [11,13,14]. Interestingly, though, tumour lo- 
cation was not prognostic in women, in contrast to men, 
where melanomas located to the frontal trunk had a sig- 
nificantly reduced DFS. Several studies have reported a 
worse prognosis for melanomas located to the trunk [19- 
22], and Balzi et al found a significantly improved prog- 
nostic advantage for females over males with lesions 
located on the trunk [14], which is in line with our find- 
ings. It is however noteworthy that, in our study, where lo- 
cation to the dorsal and frontal trunk were denoted as 
separate categories, DFS was significantly poorer for men 
having melanomas located to the frontal trunk compared 
to the dorsal trunk. A similar trend was seen in the full co- 
hort, but not in women. One explanation for trunk mela- 
nomas having a worse prognosis might be that they often 
drain to multiple lymph node basins [23], but the reason 
for the here observed discrepant outcome between mela- 
nomas located to the frontal and dorsal trunk in males, 
evident for both DFS and OS, remains unclear and should 
be considered in future studies related to the prognostic 
significance of tumour site. 

The MDCS is a population-based cohort study, and, 
therefore, a potential selection bias compared to the gen- 
eral population must be considered [24]. Since partici- 
pants were > = 45 years at baseline, mean age at diagnosis 
was higher than in the average population. Hence, in light 
of the fact that high age is often associated with more 
advanced melanoma [10], the comparatively low propor- 
tion of cases with advanced melanoma is somewhat unex- 
pected, and might indicate an increased awareness and 
tendency to seek medical attention earlier among study 
participants. In our study, women were significantly 
younger at diagnosis than men. Although the life-time risk 
of melanoma is higher in males than in females, a reversed 
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Table 4 Associations of Ki67 expression with clinicopathological factors in the full cohort, women and men 



Ki67 expression 




All 






Women 






Men 




Low 


High 


P 


Low 


High 


P 


Low 


High 


P 


n(%) 


159 (77.2) 


47 (22.8) 




11 (58.3) 


26 (19.7) 




82 (79.6) 


21 (20.4) 




Age 




















Continuous 


68 (46-81) 


70 (47-83) 


0.233 


66 (46-81) 


69 (47-83) 


0.366 


70 (53-80) 


72 (55-80) 


0.317 


Location 




















Dorsal trunk 


43 (28.1) 


10 (21.3) 


0.120 


13 (17.3) 


3 (11.5) 


0.135 


30 (38.5) 


7 (33.3) 


0.520 


Frontal trunk 


19 (12.4) 


4 (8.5) 




7 (9.3) 


1 (3.8) 




12 (15.4) 


3 (14.3) 




Arms 


27 (17.6) 


9 (19.1) 




1 7 (22.7) 


6 (23.1) 




10 (12.8) 


3 (14.3) 




Legs 


44 (28.8) 


27.7) 




33 (44.0) 


11 (42.3) 




1 (14.1) 


2 (9.5) 




Head and neck 


20 (13.1) 


1 1 (23.4) 




5 (6.7) 


5 (19.2) 




15 (19.2) 


6 (28.6) 




Unknown 


6 


0 




2 


0 




4 


0 




Histological subtype 




















SSM, LMM, Other 


130 (82.3) 


24 (51.1) 


<0.001 


63 (81.8) 


14 (53.8) 


0.004 


67 (82.7) 


10 (47.6) 


0.001 


NMM 


28 (17.7) 


23 (48.9) 




14 (18.2) 


1 2 (46.2) 




14 (17.3) 


11 (52.4) 




Unknown 


1 


0 




0 


0 










Breslow thickness 




















<=1 mm 


1 07 (68.2) 


15 (31.9) 


<0.001 


54 (71.1) 


9 (34.6) 


0.001 


53 (65.4) 


6 (28.6) 


0.002 


>1 mm 


50 (31.8) 


32 (68.1) 




22 (28.9) 


17 (65.4) 




28 (34.6) 


15 (71.4) 




Unknown 


2 


0 




0 


0 




I 


0 




Clark level 




















ll-lll 


128 (81.5) 


28 (60.9) 


0.004 


64 (84.2) 


14 (56.0) 


0.004 


64 (79.0) 


14 (66.7) 


0.237 


IV-V 


29 (18.5) 


18 (39.1) 




12 (15.8) 


11 (44.0) 




17 (21.0) 


7 (33.3) 




Unknown 


2 


1 




2 


I 




1 


0 




Ulceration 




















No 


142 (89.9) 


31 (66.0) 


<0.001 


70 (90.9) 


15 (57.7) 


<0.001 


72 (88.9) 


16 (76.2) 


0.134 


Yes 


16 (10.1) 


1 6 (34.0) 




7 (9.1) 


11 (42.3) 




9 (11.1) 


5 (23.8) 




Unknown 


1 


0 




0 


0 




1 


0 




Clinical stage 




















1 


121 (76.1) 


20 (42.6) 


<0.001 


60 (88.2) 


13 (81.2) 


0.459 


61 (91.0) 


7 (43.8) 


<0.001 


2-4 


14 (8.8) 


12 (25.5) 




8 (11.8) 


3 (18.8) 




6 (9.0) 


9 (56.2) 




Unknown 


24 


15 




9 


10 




15 


5 




Vascular invasion 




















No 


146 (91.8) 


46 (97.9) 


0.149 


73 (94.8) 


26 (100.0) 


0.238 


73 (89.0) 


20 (95.2) 


0.393 


Yes 


13 (8.2) 


1 (2.1) 




4 (5.2) 


0 




9 (11.0) 


1 (4.8) 




Unknown 


0 


0 




0 


0 




0 


0 




Mitotic count 




















0/mm 2 


88 (55.3) 


13 (27.7) 


0.001 


42 (54.5) 


7 (26.9) 


0.015 


46 (56.1) 


6 (28.6) 


0.025 


> = 1/mm 2 


71 (44.7) 


34 (72.3) 




35 (45.5) 


19 (73.1) 




36 (43.9) 


15 (71.4) 




Unknown 


0 


0 




0 


0 




0 


0 




Lymphocytic infiltrate 




















None-mild 


42 (26.4) 


14 (29.8) 


0.667 


20 (26.0) 


08 (30.8) 


0.636 


22 (27.2) 


6 (28.6) 


0.898 


Moderate-brisk 


116 (73.0) 


33 (70.2) 




57 (74.0) 


1 8 (69.2) 




59 (72.8) 


15 (71.4) 




Unknown 


1 


0 




0 


0 




1 


0 





P-values refer to Mann Whitney U test for comparison of means and Chi square test for X x 2 tables. The categories marked as unknown were not included 
in the analyses. 
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tendency is seen in adolescents and young adults, where 
the rate of increase of the incidence of melanoma is higher 
in females than in males [25,26]. This might be explained 
by the fact that intentional tanning, not least the use of 
tanning beds, is more frequent in younger women [27-29] . 
Unfortunately, information on tanning habits is not avail- 
able for participants in the MDCS. 

The observation that Ki67 expression was a significant 
predictor of an adverse clinical outcome in men but not in 
women, also when adjusted for other factors, is intriguing. 
Notably, gender had no modifying effect on the prognostic 
value of mitotic index, another tumour characteristic 
reflecting tumour proliferation, and Breslow thickness had 
a similar impact on survival in both sexes. A prognostic 
role for Ki67 expression is supported by several studies 
[30-33], and, moreover, the rate of proliferation has been 
demonstrated to decrease when melanoma cells enter the 
dermis, corresponding to the transition from in situ to in- 
vasive radial growth, and to increase again with the onset 
of the vertical growth phase [33]. Information on growth 
phase was not available for the patients in our study, and 
Ki67 expression was assessed according to the estimated 
proportion of all melanoma cells, without further fine- 
tuning according to lesional compartment, since this 
would have required analysis of full-face sections. Sex- 
related differences have been demonstrated in the time 
course and pattern of melanoma metastasis [14], and our 
findings also indicate a potential influence of sex hor- 
mones on the balance between invasion and proliferation 
in the earlier phases of melanoma progression. Notably, 
there was no significant difference between sexes in the 
distribution or associations of mitotic index, tumour 
thickness and Ki67 expression, that might explain the dif- 
ferential prognostic impact of the latter in women and 
men. There were however sex-related differences in the 
associations of Ki67 expression with ulceration and Clark 
level, both being strongly associated with Ki67 expression 
in women but not in men. Moreover, in men, but not in 
women, ulceration was an independent prognostic factor 
for both DFS and OS. Of note, ulcerated melanoma has 
been proposed to constitute a biologically distinct subtype 
of melanoma [34], and, hence, our findings are of potential 
interest, as they suggest that the clinical course of this 
phenotype might be influenced by endocrine factors. 

Use of the TMA technique for biomarker studies in 
melanoma has several limitations, not least related to 
technical difficulties to obtain qualitative tissue cores 
from small lesions, thereby creating a selection bias to- 
wards larger tumours available for analysis. The majority 
of melanomas in our study were however thinner than 
1 mm, also in the TMA cohort, and Ki67 remained an 
independent predictor of an impaired DFS and OS in 
men even after adjustment for tumour thickness, thus 
supporting its prognostic value also in thinner melanomas. 



Another potential limitation to the TMA technique is that 
heterogenously expressed markers might not be reliably 
determined. The only investigative biomarker in this study, 
Ki67, has been demonstrated to show variable expression in 
melanoma, depending on the growth phase [33]. We did 
however check for staining heterogeneity of Ki67 expres- 
sion by comparing full-face sections and TMA cores from a 
subset of the tumours and found no obvious difference. 

Another limitation to our study is that the compara- 
tively low number of recurrences did not allow for a 
meaningful analysis of sex-related differences in the pre- 
dilection of local, regional or distant recurrence. How- 
ever, while the recurrence rate did not differ significantly 
between the sexes, the finding of a significantly prolonged 
survival in women compared to men after the first recur- 
rence is consistent with previous studies [14]. 

Some of the findings in this study should be interpreted 
with caution, since they represent results from post hoc 
subgroup analyses of small numbers of patients. There- 
fore, these data need to be validated in larger patient 
cohorts. It should also be pointed out that since mean 
age at diagnosis was 65 years for women, interpretations 
relying on sex as evidence for influence of sex hormones 
must be made with caution until further knowledge has 
been gained. To this end, future studies are warranted to 
explore the effects of e.g. hormone replacement therapy 
on clinicopathological factors, molecular correlates and 
survival from melanoma. 

Conclusions 

The prognostic value of tumour location, ulceration and 
Ki67 expression in melanoma seems to differ according 
to gender. These findings need to be validated in future 
studies, as they might help improve prognostication of 
patients with primary melanoma. Moreover, our data fur- 
ther support the value of sex-stratified analyses in bio- 
marker studies. 

Abbreviations 

DFS: Disease free survival; MSS: Melanoma specific survival; OS: Overall 
survival; HR: Hazard ratio; MDCS: Malmo Diet and Cancer Study; 
LMM: Lentigo maligna melanoma; SSM: Superficial spreading melanoma; 
NMM: Nodular malignant melanoma. 

Competing interests 

The authors declare that no competing interests exist. 
Acknowledgements 

This study was supported by grants from the Knut and Alice Wallenberg 
Foundation, the Swedish Cancer Society, the Gunnar Nilsson Cancer 
Foundation, Region Skane and the Research Funds of Skane University 
Hospital. 

Author details 

1 Department of Clinical Sciences, Division of Pathology, Lund University, 
Skane University Hospital, 221 85 Lund, Sweden, department of 
Immunology, Genetics and Pathology, Uppsala University, 751 85 Uppsala, 
Sweden. 



Fridberg et al. Biology of Sex Differences 2012, 3:16 
http://www.bsd-journal.eom/content/3/1/16 



Page 10 of 10 



Authors' contributions 

MF analysed the IHC staining, performed statistical analyses and drafted the 
manuscript, BN performed and analysed the IHC staining and helped draft 
the manuscript, LJ and JB collected clinical data, KJ conceived of the study, 
participated in its design and coordination and helped to draft the 
manuscript. All authors read and approved the final manuscript. 

Received: 29 April 2012 Accepted: 2 July 2012 
Published: 2 July 2012 



References 

1. MacKie RM, Hauschild A, Eggermont AM: Epidemiology of invasive 
cutaneous melanoma. Ann Oncol 2009, 20(Suppl 6):vi 1 -vi7. 

2. Balch CM, Soong SJ, Gershenwald JE, Thompson JF, Reintgen DS, 
Cascinelli N, Urist M, McMasters KM, Ross Ml, Kirkwood JM, et al: Prognostic 
factors analysis of 17,600 melanoma patients: validation of the American 
Joint Committee on Cancer melanoma staging system. J Clin Oncol 2001, 
19(16):3622-3634. 

3. Lee ML, Tomsu K, Von Eschen KB: Duration of survival for disseminated 
malignant melanoma: results of a meta-analysis. Melanoma Res 2000, 
10(1):8l-92. 

4. Gimotty PA, Elder DE, Fraker DL, Botbyl J, Sellers K, Elenitsas R, Ming ME, 
Schuchter L, Spitz FR, Czerniecki BJ, et al Identification of high-risk 
patients among those diagnosed with thin cutaneous melanomas. J Clin 
Oncol 2007, 25(9): 1 129-1 134. 

5. Lindholm C, Andersson R, Dufmats M, Hansson J, Ingvar C, Moller T, 
Sjodin H, Stierner U, Wagenius G: Invasive cutaneous malignant 
melanoma in Sweden, 1990-1999. A prospective, population-based 
study of survival and prognostic factors. Cancer 2004, 
101(9)2067-2078. 

6. McKinnon JG, Yu XQ, McCarthy WH, Thompson JF: Prognosis for patients 
with thin cutaneous melanoma: long-term survival data from New South 
Wales Central Cancer Registry and the Sydney Melanoma Unit. Cancer 
2003, 98(6):1 223-1 231. 

7. Sondak VK, Messina JL: Current status of biomarkers for melanoma 
metastasis. Drugs 2006, 9(9):627-631. 

8. Winnepenninckx V, Lazar V, Michiels S, Dessen P, Stas M, Alonso SR, Avril 
MF, Ortiz Romero PL, Robert T, Balacescu O, et al Gene expression 
profiling of primary cutaneous melanoma and clinical outcome. J Natl 
Cancer Inst 2006, 98(7)472-482. 

9. Jonsson G, Busch C, Knappskog S, Geisler J, Miletic H, Ringner M, Lillehaug 
JR, Borg A, Lonning PE: Gene expression profiling-based identification of 
molecular subtypes in stage IV melanomas with different clinical 
outcome. Clin Cancer Res 2010, 16(13)3356-3367. 

10. Lasithiotakis K, Leiter U, Meier F, EigentlerT, Metzler G, Moehrle M, 
Breuninger H, Garbe C: Age and gender are significant independent 
predictors of survival in primary cutaneous melanoma. Cancer 2008, 
112(80:1795-1804. 

11. Scoggins CR, Ross Ml, Reintgen DS, Noyes RD, Goydos JS, Beitsch PD, Urist 
MM, Ariyan S, Sussman JJ, Edwards MJ, et al. Gender-related differences in 
outcome for melanoma patients. Ann Surg 2006, 

243(5):693-698. discussion 698-700. 

1 2. Mervic L, Leiter U, Meier F, Eigentler T, Forschner A, Metzler G, Bartenjev I, 
Buttner P, Garbe C: Sex differences in survival of cutaneous melanoma 
are age dependent: an analysis of 7338 patients. Melanoma Res 201 1, 
21(3)244-252. 

13. Balzi D, Carli P, Giannotti B, Buiatti E: Skin melanoma in Italy: a 
population-based study on survival and prognostic factors. Eur J Cancer 
1998, 34(5):699-704. 

14. Mervic L: Time Course and Pattern of Metastasis of Cutaneous Melanoma 
Differ between Men and Women. PLoS One 2012, 

7(3):e32955. 

1 5. Wangefjord S, Manjer J, Gaber A, Nodin B, Eberhard J, Jirstrom K: Cyclin D1 
expression in colorectal cancer is a favourable prognostic factor in men 
but not women in a prospective, population-based cohort study. Biol Sex 
Differ 2011 ,2(1):1 0. 

16. Press OA, Zhang W, Gordon MA, Yang D, Lurje G, Iqbal S, El-Khoueiry A, 
Lenz HJ: Gender-related survival differences associated with EGFR 
polymorphisms in metastatic colon cancer. Cancer Res 2008, 
68(8):3037-3042. 



17. Berglund G, Elmstahl S, Janzon L, Larsson SA: The Malmo Diet and Cancer 
Study. Design and feasibility. J Intern Med 1993, 

233(1)45-51. 

18. Jonsson L, Bergman J, Nodin B, Manjer J, Ponten F, Uhlen M, Jirstrom K: 
Low RBM3 protein expression correlates with tumour progression and 
poor prognosis in malignant melanoma: an analysis of 215 cases from 
the Malmo Diet and Cancer Study. J Transl Med 201 1, 

9:114. 

19. Balch CM, Soong SJ, Bartolucci AA, Urist MM, Karakousis CP, Smith TJ, 
Temple WJ, Ross Ml, Jewell WR, Mihm MC, et al. Efficacy of an elective 
regional lymph node dissection of 1 to 4 mm thick melanomas for 
patients 60 years of age and younger. Ann Surg 1996, 
224(3)255-263. discussion 263-256. 

20. Garbe C, Buttner P, Bertz J, Burg G, d'Hoedt B, Drepper H, 
Guggenmoos-Holzmann I, Lechner W, Lippold A, Orfanos CE, et al. Primary 
cutaneous melanoma. Prognostic classification of anatomic location. 
Cancer 1995, 75(10)2492-2498. 

21 . Schuchter L, Schultz DJ, Synnestvedt M, Track BJ, Guerry D, Elder DE, 
Elenitsas R, Clark WH, Halpern AC: A prognostic model for predicting 
10-year survival in patients with primary melanoma. The Pigmented 
Lesion Group. Ann Intern Med 1996, 125(5):369-375. 

22. Callender GG, Egger ME, Burton AL, Scoggins CR, Ross Ml, Stromberg AJ, 
Hagendoorn L, Martin RC II, McMasters KM: Prognostic implications of 
anatomic location of primary cutaneous melanoma of 1 mm or thicker. 
Am J Surg 201 1, 202(6)659-664. discussion 664-655. 

23. Porter GA, Ross Ml, Berman RS, Lee JE, Mansfield PF, Gershenwald JE: 
Significance of multiple nodal basin drainage in truncal melanoma 
patients undergoing sentinel lymph node biopsy. Ann Surg Oncol 2000, 
7(4)256-261 . 

24. Manjer J, Carlsson S, Elmstahl S, Gullberg B, Janzon L, Lindstrom M, 
Mattisson I, Berglund G: The Malmo Diet and Cancer Study: 
representativity, cancer incidence and mortality in participants and 
non-participants. Eur J Cancer Prey 2001, 10(6)489-499. 

25. Purdue MP, Freeman LE, Anderson WF, Tucker MA: Recent trends in 
incidence of cutaneous melanoma among US Caucasian young adults. 
J Invest Dermatol 2008, 128(12)2905-2908. 

26. Reed KB, Brewer JD, Lohse CM, Bringe KE, Pruitt CN, Gibson LE: Increasing 
incidence of melanoma among young adults: an epidemiological study 
in Olmsted County, Minnesota. Mayo Clin Proc 2012, 

87(4)328-334. 

27. Coelho SG, Hearing VJ: UVA tanning is involved in the increased 
incidence of skin cancers in fair-skinned young women. Pigment Cell 
Melanoma Res 2010, 23(1)57-63. 

28. Robinson JK, Rigel DS, Amonette RA: Trends in sun exposure knowledge, 
attitudes, and behaviors: 1 986 to 1 996. J Am Acad Dermatol 1 997, 

37(2 Pt 1):179-186. 

29. Choi K, Lazovich D, Southwell B, Forster J, Rolnick SJ, Jackson J: Prevalence 
and characteristics of indoor tanning use among men and women in 
the United States. Arch Dermatol 2010, 1 46(1 2): 1 356-1 361 . 

30. de Wit NJ, van Muijen GN, Ruiter DJ: Immunohistochemistry in 
melanocytic proliferative lesions. Histopathology 2004, 44(6)517-541. 

31. Lomuto M, Calabrese P, Giuliani A: Prognostic signs in melanoma: state of 
the art. J Eur Acad Dermatol Venereal 2004, 18(3)291-300. 

32. Li N, Mangini J, Bhawan J: New prognostic factors of cutaneous 
melanoma: a review of the literature. J Cutan Pathol 2002, 
29(6)324-340. 

33. Gimotty PA, Van Belle P, Elder DE, Murry T, Montone KT, Xu X, Hotz S, 
Raines S, Ming ME, Wahl P, et al: Biologic and prognostic 
significance of dermal Ki67 expression, mitoses, and tumorigenicity 
in thin invasive cutaneous melanoma. J Clin Oncol 2005, 23 
(31):8048-8056. 

34. Eggermont AM, Spatz A, Lazar V, Robert C: Is ulceration in cutaneous 
melanoma just a prognostic and predictive factor or is ulcerated 
melanoma a distinct biologic entity? Curr Opin Oncol 2012, 
24(2):137-140. 



doi:1 0.1 1 86/2042-641 0-3-1 6 

Cite this article as: Fridberg er al: Modifying effect of gender on the 
prognostic value of clinicopathological factors and Ki67 expression in 
melanoma: a population-based cohort study. Biology of Sex Differences 
2012 3:16. 



